
14.6 Paint Finishes for Structural

Steel for Atmospheric Exposure

Paint for structural steelwork is required mainly to prevent corrosion in
the presence of moisture. In an industrial atmosphere this moisture may
carry acids and in a marine atmosphere this moisture may carry chlorides.
Paint is therefore required to prevent contact between steel and corrosive
electrolytes, and to stifle corrosion, should it arise as a result of mechanical
damage or breakdown of the coating through age and exposure.

For an adequate barrier against moisture, sufficient thickness of paint
must be applied. The modern trend is to apply high-build coatings based on
media having high intrinsic water resistance. Such paints may be pigmented
with corrosion inhibitors or minerals which impede the flow of moisture
through the film.

Correct surface preparation is of paramount importance. High perfor-
mance paints will almost certainly fail if applied over badly prepared sur-
faces whilst simple, low performance coatings may perform surprisingly well
over correctly prepared surfaces. Good adhesion is essential and the biggest
single factor in good adhesion is good surface preparation.

Methods of Preparing Structural Steel

Degreasing

The first stage in any method of surface preparation is to ensure that any oil
or grease is removed, otherwise the preparation method is likely to spread
the contamination over a wider surface. Large quantities of oil or grease
should be physically removed by scraping, and then the rest is best removed
by emulsion cleaners, followed by thorough water rinsing. Under site condi-
tions, degreasing by wiping the surface with solvent is not recommended
because this invariably leads to the spreading of a thin film of oil over a wider
area. In a factory, however, solvent vapour degreasing can be a very effective
process.



Manual, Wire-brush and Mechanical Methods

Cleaning with mechanical or hand wire brushes, grinders, chippers or
scrapers rarely removes millscale, paint or other tightly adhering con-
taminants, or traces of rust or deposits in pits and crevices. Results can
be very variable and the process must generally be a relatively slow one in
order to be effective. On the other hand, for very heavily rusted surfaces,
initial chipping and scraping can save time by removing loose, heavy deposits
before more thorough surface preparation methods are employed. Photo-
graphs of different levels of hand cleaning are included in the British Stan-
dard 7079:Part Al: 1989, St Series1. Since wire brushing as a method of
surface preparation is unlikely to remove much contamination, the old prac-
tice of 'weathering' beforehand should be avoided if possible. It can only
result in the transformation of new steelwork, with its admittedly unde-
sirable miilscale, into corroded and pitted steelwork, with corrosion pro-
ducts which are even more undesirable and difficult to remove.

Dry Abrasive Cleaning

This is the most important and most widely used mechanical method of sur-
face preparation. Originally, sand was used as an abrasive but now, because
of the hazard to health, it has already been replaced in the UK by metal or
non-silicon materials. There are two main types of process.

In the first, the abrasive (generally a non-reusable, non-metallic type) is
carried by a jet of compressed air through a hand-held nozzle. In the sec-
ond, the abrasive (generally round iron or steel shot) is thrown centrifugally
from rotating impellers in a fixed plant. Both types are suitable for factory
work but compressed-air blast-cleaning systems are more versatile and are
most commonly used for on-site cleaning. Smaller blast-cleaning equipment
incorporating a vacuum at the head to collect the abrasive is also available.
This is slower in use than the conventional system but it can sometimes be
used in situations where open blasting is not possible. It is particularly useful
for small-scale repair work.

Photographic standards and written descriptions of various stages of
visual cleanness of steel surfaces after surface preparation by blasting are
available in British Standard 7079:Part Al: 1989, Series Sa1.

Wet Abrasive Cleaning

High-pressure water jetting can be a dangerous process. Also, it is not a
very efficient method of cleaning a surface for painting. The addition of an
abrasive, generally sand, to the water gives a considerable improvement in
cleaning. There are now even more effective wet processes using low-pressure
water added to a high-pressure air stream containing sand. Since all wet pro-
cesses leave wet surfaces these will soon form a powdery film of rust which,
although generally iron oxide rather than iron sulphate or chloride, would
be an undesirable surface to paint over because of its powdery nature. Some
wet processes use inhibitors in the water to prevent such rusting, but it is



important to establish that any traces of such inhibitors will be compatible
with the subsequent paint finish. The inhibitors themselves are obviously
water soluble and if left in quantities on a clean surface would be another
cause of subsequent breakdown.

Flame Cleaning

In this method an oxyacetylene or oxypropane flame is passed across the
steel. The sudden heating causes millscale and other rust scales to flake off
as a result of the differential expansion between the scale and the metal. In
addition, any rust present is dehydrated. Immediately after the passage of
the flame, any loose millscale and rust that remains is removed by wire
brushing. This generally leaves a powdery layer which must also be removed
by dusting down.

Acid Pickling (Section 11.2)

Pickling as a method of surface preparation is generally carried out by
immersing the steel in an acid bath and then rinsing with clean water. It is
essentially a works process because it must be carefully controlled. Site
application of acid washes, etc, is not recommended.

Types of Paint (Section 14.2)

Protective coatings are usually applied as systems. The simplest system
would be:

(i) A primer in contact with the metal. This usually contains a corrosion-
inhibiting pigment, capable of stifling either the anodic or the cathodic
reactions in electrolytic corrosion.

(ii) Finishing coats capable of adhering to the priming coat, resisting the
ambient exposure conditions and providing the necessary decoration,
light reflection, etc. where necessary.

It is usual to define primers in terms of the principal inhibiting pigment e.g.
zinc phosphate, zinc dust or zinc chromate, and the topcoats in terms of the
binder, e.g. alkyd, chlorinated rubber, etc. This practice can be confusing,
however, and lead to the selection of incompatible coatings.

The paint system needs to be chosen carefully for demanding environ-
ments, particularly marine situations.

In general, interior steelwork is exposed to less severe conditions than
exterior, but in some chemical factories the reverse is true and here special
types of paint are needed. Much structural steel is encased in concrete; it is
therefore hidden from view and is given some protection while the concrete
remains alkaline. Where the concrete is thick, corrosion may be delayed, but
as the concrete becomes carbonated and particularly if it is penetrated by
acidic rain water, the metal will corrode. In general it is advisable that steel
which is to be encased in concrete, especially for industrial plants, should



be prepared by one of the procedures outlined above and coated with an
anticorrosive alkali-resisting composition.

Air-drying Paints

The selection of paint is a matter for the expert, but some knowledge of
composition is of help to the user. Paints based on the drying oils, usually
linseed and tung oil, are still used for decoration and protection, though the
traditional oil paints have been superseded by those based on synthetic
resins. Of these the alkyd resin and phenolic resin paints are the most widely
used because they have excellent durability. The normal decorators' paints,
however, do not have the necessary resistance to chemical attack required for
protecting steelwork in industrial conditions. Alkyd paints, for instance, are
sensitive to alkali and are frequently softened and degraded by prolonged
exposure to hot steamy conditions. Alkali formed locally at the cathodic area
of a steel surface may destroy the adhesion between such paints and the
metal.

A high degree of resistance to water and chemical attack is provided by
some oil-based paints, notably those based on tung oil and pure phenolic
resin, but for the greatest resistance to these forms of attack, oil-free paints
are recommended. Of these, bitumen is widely used, because it is cheap.
Bituminous coatings fulfil an important role in protecting hidden steelwork,
where appearance is of little account. In recent years there have been con-
siderable advances in the technology of bituminous compositions, and
heavy-duty compositions now available give hard, tough coatings which can
withstand rough handling without damage and virtually exclude all water
from the steel.

Chlorinated rubber-based paints have the advantage of combining acid
and alkali resistance with weather resistance and decorative qualities. Highly
impermeable anticorrosive systems can be built up and these paints have
been used with great success to protect industrial plants where low main-
tenance costs are needed. The alkali resistance of chlorinated rubber paints
makes them suitable for protecting concrete where it is desirable to safeguard
embedded steel from corrosion. Chlorinated rubber finishes are now also
available as high-build coatings and the combination of high intrinsic resis-
tance with thickness provides excellent protection.

Chemically Cured Paints

These are supplied as separate components which are mixed together and
then applied. The paints cure by chemical reaction —a process which also
occurs in the can and so limits the time available for application after mixing.
The films are tough and have good chemical resistance. There are three main
types of these coatings:

(i) Epoxy resin-based materials, which are cured with amino compounds
or their derivatives.



(ii) Polyurethane coatings which cure by the interaction of polyiso-
cyanates with hydroxylated resins.

(iii) Polyester resin finishes which cure by peroxide-stimulated poly-
merisation.

All these materials are capable of giving durable coatings. The epoxide resin
finishes are highly resistant to alkali and acid and, like the other chemically
cured finishes, are resistant to a wide range of oils, greases and solvents.
They are used for protecting steelwork. The adhesion of paint to steel is good
if proper attention is paid to preparation of the surface and if due atten-
tion is given during formulation to the ultimate structure of the cured film.
In this respect both curing agents and solvents play a significant part.

Thick Coatings

Chemically cured coatings differ from air-oxidised coatings in that they dry
throughout the film regardless of thickness. In thick films, oil paints may not
cure satisfactorily. The chemically cured materials lend themselves to
protective coatings of considerable thickness with the consequent advan-
tages of good performance and long life, and they have contributed signifi-
cantly to the protection of steel in corrosive conditions. It is possible to apply
high build systems which equal in thickness and performance many coats of
orthodox paints, with consequent savings in labour costs. The extra cost of
materials is more than compensated for by savings in time and application
costs, and where scaffolding and shut-down time are involved this may be
a matter of great importance. Quite apart from the economic advantage of
thick films, the lower the solvent content the lower the intrinsic permeability
to moisture and aggressive ions. Solvents, particularly polar solvents as used
in many polymer resin-based paints, influence the structure of films over the
early weeks of their life. Small quantities of many solvents are retained in
the cured films for a long time, and water and aqueous solutions are able to
penetrate the sol vat ed films more easily.

The Paint System

The priming coat provides the bond between the metal and subsequent coats.
It gives electrochemical control of corrosion. Adhesion is dependent largely
on the nature of the binder and the cleanliness of the metal surface.

The pigment is the principal agent in the electrochemical control of corro-
sion by primers (see Section 14.3). Probably the best known anticorrosive
pigment is red lead. When used in conjunction with linseed oil as the binder
it gives very good primers which will perform well over relatively poorly
prepared (manually abraded) steel surfaces. Present-day use of red lead (and
lead pigments, generally) in paints has been drastically curtailed as a result
of understandable pressure from the environmentalists.

Zinc chromate and zinc tetroxychromate have also been used success-
fully in anticorrosive paints. Both pigments function by releasing chromate
ions which passivate the steel surface. In common with lead pigments, those



based on chromates are now also under toxicological suspicion and their use
in paints has declined significantly.

In the United Kingdom, zinc phosphate has been the mainstay of many
anticorrosive primers in recent years. It can be incorporated into most
binders and primers can be manufactured in a range of colours because
of its transparent nature. The mechanism of protection is still uncertain.
Metallic zinc is also used widely in anticorrosive primers and zinc-rich paints
are considered by many to afford best protection. Initially, the zinc protects
the steel by galvanic action but, with time, zinc salts form an impermeable
barrier and provide a second, reinforcing mode of corrosion protection.
For effective galvanic protection, high concentrations of zinc are required
(more than 90% by weight of zinc in the dry paint film) and the steel must
be cleaned to a high degree in order that the zinc may be in intimate contact
with the substrate.

The search for new, effective anticorrosive pigments with low toxicity
to replace red lead and chromates in paints has occupied the attention of
many paint-making companies recently. Barium metaborate, calcium
molybdate and zinc molybdate have been identified as possible com-
pounds but they have not found general acceptance in the United King-
dom and western Europe, most probably because of their lower cost
effectiveness.

Welds on steelwork need special attention because of the different com-
position of weld metal and adjacent steelwork, the rough surface and spatter
caused by welding and the presence of welding flux. The latter is often
alkaline and destructive to many paints. It is necessary to clean thoroughly,
preferably by reblasting for 25-50 mm each side of the weld, fare the rough
metal and wash off residual flux. The cleaned surface should then be stripe
coated with the primer used on the remainder of the surface.

Methods of Application (Section 14.1)

Paint is applied to structural steelwork most commonly by airless spraying.
This method of application is particularly well suited to high build coatings
where the combination of rapid working and great film thickness allows
work to be completed quickly and cost effectively. Application of paints by
brushing is still often used for maintenance painting programmes involving
small areas.

The weather has an important effect on the drying of paint and on subse-
quent performance. Paint applied in bad weather may be slow to dry and
remain susceptible to damage by rain and fog for a long time. Heavy
steelwork has a large heat capacity and follows temperature changes of the
ambient air only slowly. Careful consideration of weather conditions and
planning of work is frequently repaid by improved results. With new con-
struction there is much to be said for applying the primer and intermediate
coats of a paint system at works and applying only the finishing coats on
site.



Economic Considerations

The costing of painting structural steelwork is a complex subject. The main
items of costing are:

1. Scaffolding.
2. Labour, which may be further subdivided into surface preparation and

application labour charges.
3. Materials.
4. Supervision and transport.

The proportion of the whole contributed by each of these items will vary
with each job, but it will be immediately apparent that the cost of scaffolding
and labour far outweighs the cost of materials and supervision. Therefore
even a large increase in the cost of the last two items will produce only a frac-
tional increase in total cost. On the other hand, first-quality materials and
rigid supervision will give greatly increased protection and the best value
from the expensive items of scaffolding and labour. It is economically sound
to consider not only the initial cost of protection, but also the annual cost
over the life of the structure, taking into account initial work, maintenance
charges and the cost of shutdown. It is now widely recognised that high-
quality initial preparation and protection leads to reduction of total costs on
an annual basis.

Maintenance Painting

All the foregoing has been concerned with the initial protection of steel-
work, but there is far more maintenance painting than new work. The same
principles apply to maintenance painting, with the exception that it is often
only in isolated patches and in complicated situations, such as around
flanges, etc. that the steelwork is bare of paint, and then it is frequently
heavily contaminated with corrosion products. The first necessity, therefore,
is to clean down these areas to bare steel, but often it is not possible to use
blasting methods. Often hand cleaning is all that can be done. Careful super-
vision is needed, and the cleaned areas must be primed without delay and
then brought forward with a suitable anti-corrosive system.

P. J. GAY
N. R. WHITEHOUSE
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14.7 Paint Finishes for Marine

Application

In considering the requirements of paints for marine use it is necessary to
distinguish between the parts of ships that are subject to different condi-
tions of service. The exterior area of ships may be divided broadly into three
parts: (a) the bottom, which is continuously immersed in the sea; (b) the
boot-topping or waterline area, which is immersed when the ship is loaded
and exposed to the atmosphere when cargo has been discharged; and (c) the
topsides and superstructure areas, which are exposed to the atmosphere but
subject to spray. In addition to these weather factors, the outsides of ships
are also subjected to attack arising from the conditions of use, e.g. the boot-
topping is subject to abrasion by rubbing from quays, wharves and barges,
while the topsides, superstructures and decks may receive mechanical
damage during cargo handling. The interior surfaces, too, present varying
requirements according to the conditions of use; cabins and accommodation
spaces for crew and passengers call for treatment other than that demanded
by cargo holds. A particular problem of ship interiors, to which special
attention has been devoted in recent years, is the protection of the cargo
tanks of oil and chemical tankers, and in particular those carrying acids and
elemental sulphur.

Although light alloys and non-metallic materials such as reinforced
plastics are finding increasing applications in shipbuilding, the principal
construction material is generally mild steel. Hence the protective painting
of ships is basically a special aspect of the painting of steel. In relation to
atmospheric exposure, the main principles of the subject are:

(i) Proper surface preparation,
(ii) Appropriate composition of the paint, in particular the use of an

inhibitive priming paint,
(iii) Adequate film thickness,
(iv) Good conditions of application.

These apply also to marine painting, but here additional factors must
be taken into account. The present section refers specially to differences
between ships' painting and structural steel painting.

Surface Preparation and Pretreatment

This is the most important factor determining the life of a protective paint
system on steel. The best surface is one free from rust, scale, grease, dirt



and moisture, i.e. it is completely clean and dry. The removal of millscale
is particularly important under marine conditions1, especially for ships'
bottoms, because the environment has a high conductivity which enables
corrosion currents to pass easily between cathodic scale-covered and anodic
scale-free areas. This results in pitting when the ratio of scale-covered to
scale-free areas is high. A small scale-covered area with a large scale-free area
is not so serious because the corrosion is spread over the larger area.

Millscale and rust can be completely removed from steel by acid pickling
or by blast cleaning. Pickling was formerly used in some shipyards, but
during the years 1960-65 nearly all shipbuilders installed automatic airless
blast-cleaning machines for the treatment of steel plates and sections prior
to fabrication. In these machines the abrasive2, generally steel shot, is
thrown against the steel by impeller wheels. A series of wheels directs the shot
against each side of the plates as they pass through the machine at about
2m/min, this speed being adjusted in relation to the quantity, size and
velocity of the shot so that the millscale and rust are properly removed.
The finish produced by these machines is normally Second Quality of BS
4232:1967 or SA2-5 of Swedish Standard S.I.S. 05 59 00-1967, and with a
surface profile not exceeding 100/xm. The process is rapid and dry, and the
machines are totally enclosed to prevent particles of abrasive and millscale
getting into the atmosphere—accordingly they can be installed in the steel
fabrication shops of modern shipyards. (Acid pickling, on the other hand,
is a wet process requiring the steel to be immersed for some hours in a bath
of acid and then rinsed thoroughly in water— it tended to be messy and was
often banished to a corner of the shipyard.) Automatic blast cleaning of
plates in these machines is much cheaper than blast cleaning after erection
because labour charges are low and the abrasive is recovered, graded and
re-used, fresh abrasive being added to make up for the fine particles rejected
with the millscale. The cleanliness of the surface may be checked (a) visually
using a hand lens, with which residual millscale and rust can be seen, (b) by
the copper sulphate test3, or (c) by a reflectance method4. The surface
profile may be checked (a) by examining the surface, or a replica, using a
stylus type of surface profile instrument5, (b) by a simple probe type instru-
ment6, or (c) by using a roughness gauge4 depending on the rate of leakage
of gas from a cup held against the surface.

The clean, dry, slightly rough steel surface produced by blast cleaning is
ideal for the application of paint, but will not remain in this state for more
than a few hours under average shipyard conditions. General practice7 is to
apply a thin coat of prefabrication primer (also known as a blast or shop
primer) to the steel as it emerges from the blast-cleaning machine. The
primary function of this primer is to protect the surface of the steel for the
six to nine months during the fabrication and erection of the ship, but it
must also meet other requirements to permit its use under practical condi-
tions in shipyards, e.g. it must dry rapidly to permit the steel to be handled
in 2-3 min, must withstand abrasion, must not affect the speed of flame cut-
ting or welding, must not affect weld quality, must not cause any health
hazards from fumes when coated steel is welded or flame-cut, and must be
compatible with any type of paint system likely to be used on the different
parts of ships.

The principal types of prefabrication primer in commercial use are



(a) cold-cured epoxies pigmented with zinc dust, (b) zinc silicates,
(c) phenolic-reinforced wash primers pigmented with red iron oxide and
(d) cold-cured epoxies pigmented with red iron oxide and inhibitive pigment.
In many shipyards there are objections to the zinc types because zinc oxide
fumes are evolved during welding and flame cutting, and for this reason the
red oxide types are more widely accepted. The wash primer types are not
universally compatible with marine paint systems, and the epoxy types are
therefore recommended.

Selection of Paint Systems for Use on Ships

Exterior Surfaces above the Waterline

As indicated earlier in this section, the choice of paints for marine use
depends upon the conditions of service to which the part in question will be
subjected. Thus the paints used on the exteriors above the waterline and
on most of the interiors do not differ fundamentally from those used on
structures ashore. Inhibitive priming paints are used on steel, including those
based on red lead, calcium plumbate, zinc phosphate or zinc chromate. The
best known structural steel primer, i.e. red lead in linseed oil, is still used on
ships, although it requires a long drying time. Slow drying is a disadvantage
for marine paints, particularly on ships in service which have to be painted
between voyages, since when out of commission ships are not earning any
revenue. Zinc chromate primers, usually based on alkyd or phenolic media,
dry more quickly than red lead in linseed oil; they are frequently used on
the interiors of ships because they may be sprayed without any risk of lead
poisoning and may be applied either to steel or to aluminium alloys. Lead-
based priming paints should not be used on aluminium. Finishing paints are
also similar to those used ashore. Good-quality alkyds are used in accom-
modation spaces, and the standard of workmanship is high. Colour and
decorative schemes receive careful attention, and the finish is kept up to
standard by frequent cleaning and regular repainting. For exterior use on
topsides and superstructures, finishing paints based on alkyd media are
generally used; good water resistance is essential here. White is used exten-
sively on the superstructures of ships; owing to the pollution of many
estuaries and docks with sewage and the consequent evolution of hydrogen
sulphide in warm weather, it is necessary to make marine white paints lead-
free' in order to avoid discoloration by sulphide staining. Another feature of
modern marine white paints is that they are usually made from alkyds based
on a 'non-yellowing' oil such as soya-bean oil in order to prevent the yellow-
ing which occurs on exposure of linseed-oil-based white paints. The British
Navy's topsides grey paint consists of rutile-type titanium dioxide in an alkyd
medium based on non-yellowing oil. Black topsides paint which is used on
many merchant ships may be based on phenolic media or alkyds reinforced
with phenolics.

Newer types of high-performance paints8 used on ship exteriors include
those based on epoxy resins, polyurethane resins, vinyl resins (also vinyl/
alkyd or vinyl/acrylic blends) or chlorinated rubber. Epoxies and poly-
urethanes are chemically-curing types and present curing problems at low
temperatures, whilst the overcoating intervals are critical for best adhesion



between coats. Chlorinated rubber9 does not suffer from these practical
difficulties and is becoming widely used. A complete system based on one of
these special coatings must normally be applied, and first class surface
preparation is essential if the optimum performance is to be obtained from
them. Simpler types of oil-based paints are generally less sensitive to the stan-
dard of surface preparation and may give better results than these special
paints when imperfect surface preparation must be tolerated.

Interior Surfaces

Aluminium finishing paints are frequently used for the interior of dry-cargo
holds because they help to improve lighting. Aluminium paint is also used
in engine rooms; the general requirement here is for hard-drying paints resis-
tant to oils and to heat.

Cargo and Ballast Tanks

Severe corrosion may occur in unprotected cargo and ballast tanks of oil
tankers10 as a result of the combined corrosive effects of the cargoes, fresh
or salt-water ballast, and tank washing by cold or hot sea-water. Ships which
carry cargoes of refined oil products ('white oils') suffer general corrosion,
since these cargoes do not leave any oily film on the interior surfaces of the
tanks. Corrosion rates vary widely according to the conditions of service,
rates of up to about 0-4 mm/y being reported. Cargoes of crude oil Cblack
oil') leave an oily or waxy film on tank interiors, and this has some protective
action. As this film is not continuous over the whole surface, severe local cor-
rosion may occur at areas of bare steel exposed to the action of sea-water
ballast. The mechanism of the attack at these bare areas may be likened to
that on small bare areas on steel which is almost completely covered with
millscale; the oil or wax-covered areas function as cathodes in the same way
as millscale, and corrosion is concentrated on the anodic bare areas. Some
crude oils contain appreciable quantities of sulphur compounds, and residues
may react with water and oxygen to produce sulphuric acid. The attack in
black-oil tanks therefore takes the form of pitting; rates vary widely, up to
as much as 5 mm/y being known, depending upon the conditions of service.
Corrosion in oil tankers is therefore a serious problem entailing costly steel
renewals in unprotected tanks. Protective measures include (a) the use of
cathodic protection, (b) oxygen elimination by the injection of inert gases,
(c) dehumidification of the air above oil cargoes or in tanks when empty,
(d) the addition of inhibitors to the oil cargoes or to the ballast water, or the
spraying of inhibitors on to the interiors of tanks, or (e) protective coatings.
Methods (a)-(d) reduce the corrosion, but only (e) offers the prospect of
complete protection. The coatings must have good resistance to many types
of petroleum or other liquid-chemical cargoes, to ballast water and to nor-
mal tank cleaning, must not contaminate cargoes, and must be capable of
being applied under shipyard conditions. Two main types of paint coating
have been developed for this service, viz. epoxies and zinc silicates.

Exoxy resin paints are supplied as two components, a base and hardener,
to be mixed at the time of application. Curing of the film to a tough, oil-,



chemical- and water-resistant state occurs by chemical reaction between the
epoxy resin of the base component and a curing agent (amine or polyamide)
forming the hardener. This reaction does not require the access of oxygen,
so that the film cures right through, irrespective of thickness. It is, however,
dependent on temperature, 1O0C being the usual minimum practical recom-
mendation. To ensure good intercoat adhesion, successive coats must be
applied before the previous coat has fully cured, so that in practice there are
maximum as well as minimum over-coating intervals, both varying with
temperature. The early epoxy tank systems required application of four or
even five coats to give a total dry film thickness of 200-250 /mi, but common
practice now is to apply two high-build coats to achieve the same film thick-
ness. Solventless types are also available which may be applied as single coats
of 200-300 fim. Coatings based on epoxy resins modified with coal tar pitch
may be used in tanks for the carriage of crude oils, but are not suitable for
refined oils because the pitch would contaminate the cargoes.

Zinc silicate tank coatings show good resistance to petroleum cargoes and
many organic solvents, although their resistance to acids and alkalis is
inferior to that of epoxies. The paints are supplied as two components, zinc
dust being stirred into a silicate solution at the time of use; reactions take
place during drying, the dry film consisting essentially of metallic zinc and
silicic acid, together with zincates. Single coats with a thickness of 80-100 /*m
are normally applied.

The choice of tank coating11 depends upon the cargoes to be carried, and
must be determined by the ship operator with the advice of paint manu-
facturers. The application of epoxy or zinc silicate tank coatings demands
special techniques to ensure control of surface preparation, ventilation,
over-coating intervals, curing times and temperatures if satisfactory service
is to be obtained, and much of the work is undertaken by contractors with
the necessary knowledge and equipment. When properly applied, tank coat-
ings not only prevent corrosion of the tanks for up to 8-10 years, but also
render tank cleaning easier and quicker since cargo residues are not retained
by corrosion products on the interior steel surfaces.

Ships' Bottoms

Paints used for protecting the bottoms of ships encounter conditions not met
by structural steelwork. The corrosion of steel immersed in sea-water with
an ample supply of dissolved oxygen proceeds by an electrochemical mech-
anism whereby excess hydroxyl ions are formed at the cathodic areas. Conse-
quently, paints for use on steel immersed in sea-water (pH « 8-0-8-2) must
resist alkaline conditions, i.e. media such as linseed oil which are readily
saponified must not be used. In addition, the paint films should have a high
electrical resistance12 to impede the flow of corrosion currents between the
metal and the water. Paints used on structural steelwork ashore do not meet
these requirements. // should be particularly noted that the well-known
structural steel priming paint, i.e. red lead in linseed oil, is not suitable for
use on ships' bottoms13. Conventional protective paints are based on
phenolic media, pitches and bitumens, but in recent years high performance
paints based on the newer types of non-saponifiable resins such as epoxies,



coal tar epoxies, chlorinated rubber and vinyls have become widely used.
With conventional paint systems the usual interval between drydockings is
about 9 to 12 months, but with a high performance system used in conjunc-
tion with impressed-current cathodic protection, Lloyds Register and other
Classification Societies permit this interval to be extended to 2\ years.

Antifouling compositions The finishing paints on ships' bottoms are
required to prevent attachment of marine growths. These paints, known as
antifouling compositions1**15 , contain chemicals poisonous to the settling
stages of marine plants and animals. The poisons are slowly released into the
sea-water, maintaining a thin layer of water next to the surface of the paint
in which the spores and larvae cannot survive; settlement and further growth
are thereby prevented. The most widely used poison is cuprous oxide but its
action, particularly against some types of plant growths, may be reinforced
by other poisons, e.g. compounds of mercury, arsenic, tin, lead or zinc. The
arsenic, tin and lead poisons are organometallic compounds. In addition,
many hundreds of purely organic compounds have been examined as possi-
ble antifouling poisons, but none has yet proved so non-select ively effective
against a wide range of organisms as the metallic poisons mentioned. It will
be realised that antifouling compositions must have a limited effective life,
because when the bulk of the poison in the film has been released, the poison
release rate falls below that necessary to prevent attachment of marine
organisms. On merchant ships the compositions are generally effective for
about 9 to 15 months, but special long life types are effective for 2y-3
years.

Details of typical marine painting systems are set out in Table 14.5.

Table 14.5 Typical marine painting systems

Type of paint

1. SHIP'S BOTTOM SYSTEMS
(a) Conventional bituminous system

Bitumen or pitch solution
pigmented with aluminium flake
Antifouling composition

(b) Conventional non-bituminous system
Tung oil/phenolic medium
pigmented with basic lead
sulphate, aluminium flake
and extenders
Antifouling composition

(c) High performance epoxy system
Coal tar epoxy (2-pack)
Antifouling composition

(d) High performance chlorinated rubber
Chlorinated rubber primer

High build chlorinated rubber
Antifouling composition
chlorinated rubber based

Method of
application

Airless spray,
brush or roller
Airless spray,
brush or roller

Airless spray,
brush or roller

Airless spray
brush or roller

Airless spray
Airless spray
brush or roller
system
Airless spray,
brush or roller
Airless spray
Airless spray or
brush

Coats

2-3

1

2-3

1

2
1

1

2
1

Dry film thickness
(urn)

150-200

50-80

150-200

50-80

200-300
80-100

50

175-225
80-100



Table 14.5 (continued)

Type of paint Method of
application

2. TOPSIDES AND SUPERSTRUCTURE SYSTEMS
(a) Conventional system

Red lead primer in quick-drying
alkyd or phenolic medium
Gloss finish, alkyd medium
pigmented with rutile titanium
dioxide (white) and tinting
pigments as required

(b) High performance epoxy system
High build epoxy (2-pack)
Gloss finish, epoxy or
polyurethane (2-pack)

(c) High performance chlorinated
rubber system
Chlorinated rubber primer

High build chlorinated rubber
Gloss finish, chlorinated rubber

Airless spray,
brush or roller
Airless spray,
brush or roller

Airless spray
Airless spray or
brush

Airless spray,
brush or roller
Airless spray
Airless spray,
or brush

3. INTERIOR ACCOMMODATION SYSTEMS
(a) Conventional system

Zinc phosphate primer in quick-
drying alkyd or phenolic
medium
Semi-gloss undercoat, alkyd
medium pigmented with titanium
dioxide and tinting pigments
Gloss finish, alkyd medium
pigmented with titanium
dioxide and tinting pigments

(b) High performance system
Epoxy primer (2-pack)

Gloss finish, epoxy or
polyurethane (2-pack)

4. DRY CARGO HOLD SYSTEM
Zinc chromate primer in quick-
drying alkyd or phenolic medium
Bright aluminium finish,
leafing aluminium flake in
oleoresinous medium

Airless spray,
brush or roller

Airless spray,
brush or roller

Airless spray,
brush or roller

Airless spray,
brush or roller
Airless spray or
brush

Airless spray,
brush or roller
Airless spray,
brush or roller

5. SYSTEMS FOR CARGO/BALLAST TANKS
(a) Crude oil carriers

Coal tar epoxy (2-pack)
(b) Refined oil and chemical carriers

High build epoxy (2-pack)

Airless spray

Airless spray

Coats

2

2

2
1

1

1
1

2

1

1

2

1

2

2

2

2

Dry film thickness
Gtm)

100-125

50-80

200-250
40-60

50

80-120
50

80-100

40-60

40-60

100-120

40-60

80-100

50-80

250-300

250-300

Note: The above systems are for application to steel blast-cleaned to a 'near-white' finish (Second Quality of BS 4232:1967)
and immediately shop-primed before fabrication. The shop primer must be thoroughly cleaned and degreased at the time of
painting.



Methods of Application (Section 14.1)

The paints used on ships may be applied by brush, roller or spray —airless
spraying in particular being widely used when large areas are to be coated.
High performance coatings are formulated to permit application of the
full system in only a few coats, i.e. the paints must be capable of airless
spray application at wet film thicknesses of 200-500 pm without sagging
or running on vertical surfaces, to give dry film thicknesses of 100-300 ̂ m
per coat. Time in drydock is generally restricted owing to high costs —figures
of £20000-£40000 per day being quoted for a 20000Ot tanker-so ships'
paints must dry rapidly and must tolerate application under non-ideal
weather conditions since owners are unwilling to incur extra costs from
delays in painting. Possible health hazards, particularly when spraying some
types of antifouling compositions, must be guarded against by wearing pro-
tective masks and equipment.

Economics

In the painting of the general interior spaces and the exterior surfaces
of ships above the waterline, protective and decorative aspects cannot
be separated. Thus, on passenger liners the frequency of repainting the
accommodation, superstructure and topsides is determined primarily by the
decorative appearance, while on cargo ships this is usually less important
than protection. For ships' bottoms the maintenance of a smooth surface
free from marine fouling growths is important because a rough or fouled
bottom leads to reduced speed and/or increased fuel consumption. Fouling
may easily cause a 50% increase in fuel consumption, involving an appre-
ciable increase in running costs. For this reason the intervals at which ships'
bottoms are repainted depend on the efficiency of the antifouling composi-
tions and on the degree of fouling encountered in service, marine growth
being more vigorous in warm tropical seas than in temperate or polar waters.

The cargo tanks of oil tankers present a special case, because of the high
cost of steel renewals in unprotected tanks. For a 3000Ot tanker, costs in
the region of £500 000 for the initial painting of the tanks have been quoted;
if the life of the paint system is 6-8 years, the total cost over the normal
20-year life of a tanker is expected to be appreciably less than the sum other-
wise spent on steel renewals, which may amount to several hundred thousand
pounds.

Types of Failure (Section 14.4)

Paints correctly applied to well-prepared surfaces on the above-water part
of ships will normally fail first by chalking, with checking and crazing of
the finishing paint following. Of the high performance systems, poly-
urethanes have better gloss retention than epoxies or chlorinated rubbers. In
spite of a general improvement in conditions of application during recent
years, however, ships' paints are still liable to be applied to damp or other-
wise imperfectly prepared surfaces, and this leads to failure by adhesion



breakdown and rust formation beneath the paint film. Intercoat adhesion
failure is also likely with epoxy systems if recommended intervals between
coats are exceeded.

On ships' bottoms the antifouling coat fails when its poison release rate
(or leaching rate) falls below the value needed to prevent attachment and
growth of marine fouling organisms. At this stage it becomes necessary to
drydock the ship, clean the bottom and re-apply antifouling composition;
the underlying protective paint system should normally only need renewal
after about four or more years, depending on whether a conventional or a
high performance system is used. For economic reasons (docking charges,
interest, insurance, loss of earnings, etc.) no delay can be accepted in the
repainting of ships' bottoms, so painting sometimes proceeds under adverse
weather conditions to a poorly prepared surface —in consequence failure
may occur from loss of adhesion. Paints capable of application to damp
surfaces are being developed to overcome this difficulty. It may also be men-
tioned that promising results have been obtained by cleaning and recoating
ships' bottoms under water, and this could eventually eliminate drydocking
of ships for repainting16'17.

Recent Developments

During the years since the publication of the second edition there have not
been any really fundamental changes in the materials and methods of paint-
ing ships, although there have been changes to meet differing application
and health requirements and to take advantage of technical developments.
Improved quality control has also led to better corrosion protection. The
British Ship Research Association18 and the Dutch Paint Research Institute
TNO19 have published ship painting manuals; reviews of marine paint tech-
nology have been published by De Ia Court and de Vries20, Phillip21 and
Banfield22'23.

In this section changes are described under the original headings, but some
of the figures in Table 14.5 and in the subsections 'Methods of Application'
and 'Economies' have also been updated.

Surface Preparation and Pretreatment

Blast-cleaning in impeller-type machines is now almost universally used
for the initial surface preparation of ships' plate24, earlier methods by
weathering, scraping and wirebrushing or by acid pickling being practically
unknown in modern shipyards. The design and performance of the machines
have been improved. More attention is given to the selection of suitable
grades of abrasive, its recovery and grading before reuse to ensure that the
most suitable balance of coarse, medium and fine particles is actually used.
In addition to surface cleanliness the surfaces profile of the blast-cleaned
surface is now frequently specified—this has a considerable bearing on the
adhesion and performance of priming paints.

The prefabrication primers previously described are still current, the
phenolic-reinforced wash primers being most widely used for general ship



construction. For cargo tanks designed to carry chemicals or solvents it is
preferable to apply the epoxy tank coating direct to a freshly blast-cleaned
surface because small amounts of some cargoes can become absorbed into
the coating and soften a polyvinyl butyral primer, leading to adhesion
failure.

Exterior Surfaces above the Water/me

The use of oleoresinous paints has declined, being confined to smaller
ships—practically all large ships use high performance coatings. Priming
paints containing lead pigments are hardly ever used because of a greater
awareness of possible health hazards. Similarly, the use of zinc chromate
primers is declining because soluble chromates are believed to be carcino-
genic; this has led to the increased use of zinc phosphate primers.

As stated above, high performance coatings based on epoxies, vinyls or
chlorinated rubbers are used almost exclusively on all large ships. A general
development in these materials has been the introduction of highly thixo-
tropic25 types that can be airless sprayed at wet film thicknesses of 300 jum
or more, that do not run or sag on vertical surfaces. This enables the requisite
film thickness to be applied in fewer coats, saving time and reducing applica-
tion costs.

Cargo and Ballast Tanks

The zinc silicate, epoxy and coal tar/epoxy coatings are still used. Coal tar
epoxies are used for crude oil tanks, sometimes on all the interior surfaces
but more often for (a) the bottom of the tank and about 2 m up the sides,
(b) the top of the tank and about 2 m down the sides, and (c) other hori-
zontal surfaces where seawater ballast may lie. These partly coated tanks are
frequently also fitted with cathodic protection to prevent corrosion of the
uncoated areas when seawater ballast is carried. The pure epoxy or coal tar
epoxy coatings applied in bulk cargo tanks used for the carriage of grain
must be approved by the North of England Industrial Health Service, or by
similar independent authorities in other countries.

In the case of some tanks used to carry wine or chlorinated solvents the
final coat applied over an epoxy coating is sometimes an oil-free poly-
urethane enamel because this paint resists chlorinated solvents better than
do epoxies, does not taint wines and is not stained by red wines.

Ships' Bottoms

The conventional bituminous or oleoresinous paints previously described
are still used on the bottoms of smaller ships, the chief difference being that
they are applied mainly by airless spraying. The formulations may be
adjusted to permit application of thicker coats than by brush or roller,
although the coats must not be too thick because oleoresinous paints require



access of atmospheric oxygen to permit drying —very thick coats would take
an impractically long time to become dry.

The outer hulls of large ships are protected by one or other of the high
performance systems previously described —epoxies, vinyls or chlorinated
rubbers, often blended with coal tar. Here, too, as already described for sur-
faces above the waterline, highly thixotropic types have been introduced per-
mitting the required film thickness to be applied in fewer coats, saving time
and reducing application costs. These large vessels are almost all fitted with
cathodic production26 using an impressed current system in which inert
anodes (e.g. platinised titanium, lead alloy) fitted on the hull are energised
by a low voltage d.c. generator. This causes the entire surface of the hull to
become a cathode at which electrons are discharged; in the presence of an
ample supply of oxygen the reaction is:

4e ~ + 2H2O + O2-^ 4OH~

The high performance coatings mentioned are all non-saponifiable types,
so resist the alkaline conditions on the hull. In the vicinity of the anodes
the current density is inevitably higher than elsewhere on the hull and the
rate of production of hydroxyl ions is correspondingly higher, i.e. condi-
tions become highly alkaline. This leads to the deposition of calcium and
magnesium carbonates ('cathodic chalk') near the anodes. Another effect
of the high current density is that dissolved oxygen in pores in the coating
becomes exhausted and the cathodic reaction then becomes:

4e~ + 4H2O -» 4OH~ + 2H2

with evolution of gaseous hydrogen. These two effects both tend to disrupt
the coatings. They are minimised by (a) electronic control of the cathodic
protection installation to ensure that the hull potential is no more than
required for protection, and (b) surrounding the anodes with rubber mats or
glass reinforced plastic shields.

Ant/fouling Compositions

Until recent years these paints could be classified27 broadly into two groups.
In soluble matrix antifouling paints the particles of poisonous pigments
(chiefly cuprous oxide) are distributed throughout the film of a resin-based
binder which dissolves slowly in sea water. Dissolution of the binder exposes
the particles to the action of the seawater, thus maintaining a thin layer of
water next to the hull which is poisonous to the spores and larvae of marine
plants and animals. In contact antifouling paints the poison content is high
enough to ensure that particles of poisonous pigment (chiefly cuprous oxide)
are in contact throughout the film. As the particles near the surface dis-
solve other particles deeper in the film become exposed to the action of the
seawater, thus maintaining a toxic layer of water next to the hull.

In more recent years two new types of antifouling composition have been
developed, using organometallic compounds as poisons. In one type28,
based chiefly on vinyl resin and organotin compounds (e.g. tributyltin
fluoride), the poison and resin form a solid solution. As the poison dissolves
from the surface of the film, more poison diffuses from deeper in the film to



maintain a uniform concentration throughout the film, i.e. the poison
released to the seawater is replenished by diffusion from within the film.
This mechanism hardly disturbs the surface of the paint which therefore
retains its original smoothness. The other new type29 is based on a toxic
component combined with a binder resin, e.g. tributyltin acrylate may be
copolymerised with an acrylic resin, producing a film-forming copolymer
resin with a high content of tributyltin groups. When applied as a paint to
a ship's bottom the polymer is slowly hydrolysed and toxic tributyltin groups
released into the seawater. The residue of the polymer is water soluble. In
this way the surface of the film is slowly eroded and the action is claimed to
maintain a smooth finish on ships' bottoms. Since 1986, however, an account
of ecological and pollution problems associated with organotin compounds,
and allied Health and Safety Regulations, the use of these compounds in
antifouling compositions has markedly declined30.

Reference is made in the foregoing paragraph to the smoothness of ships'
bottoms, and the importance of this factor has become increasingly realised
in recent years. A rough surface, whether caused by attachment of fouling
organisms, by corrosion or by poor paint application techniques, leads to an
appreciable increase in the resistance to movement of a ship and hence to
increased fuel consumption to maintain the service speed. The British Ship
Research Association18 has developed a gauge to measure hull roughness,
and this is used to check that the surface of the underwater hull of new ships
is satisfactorily smooth — similar measurements are made after cleaning and
repainting in service.

Methods of Application

Reference has already been made to the greatly increased use of airless
spraying for applying paints to ships. On the largest vessels the use of brushes
or rollers is impracticable: the area of the outer hull of a 30000Ot tanker
exceeds 30000m2. Thus, high-build coatings cannot satisfactorily be
applied by brush or roller—eight or ten coats would be needed, requiring
many painters and a long time. One airless spray gun, however, is capable,
under practical conditions, of applying thick coats at up to 40OmVh. Four
or six guns, therefore, will apply one coat to the entire area in a few days and
the complete paint system in under 2 weeks.

Airless spraying produces less spray mist than conventional air-assisted
spraying, but there is some risk of inhalation of spray droplets by painters
or by others working in the vicinity. The danger may be avoided by wearing
a filter type face mask. When applying31 antifouling compositions suitable
protective equipment must be worn because of the poisonous compounds
they contain — this applies particularly to some of the newer types containing
organometallic compounds but also to the older types containing cuprous
oxide.

T. A. BANFIELD
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